Previous studies have used standard B-mode ultrasound to quantify the aggregate mean intimal medial thickness (IMT) of the near and far wall of the common carotid artery (CCA). Many investigators have had dif culty in accurately evaluating the near wall IMT secondary to dif culty in discerning the vessel lumen and intima. The purpose of this study is to determine the effect of contrast enhanced ultrasound on IMT measurement when compared with non-enhanced images. Twenty-six patients who had standard carotid ultrasounds completed over a 6-month period were evaluated, with 24 imaged by the same sonographer. Five to six measurements of the near and far walls were obtained over a 1 cm distance, beginning and ending 0.5 cm and 1.5 cm proximal to the carotid bifurcation. The measurements were made with and without the contrast agent Optison T M (per utren protein type-A microspheres), which was given as an IV bolus (0.5¡0.7 cc). Of those imaged by the same sonographer, 40 carotid arteries were examined and a total of 867 measurements were obtained. A total of 10% of the carotid ultrasounds were restudied approximately 1 month after the initial interpretation to assess observer accuracy. The near wall CCA mean (SD) IMT was 0.075 (0.019) cm for left with contrast versus 0.067 (0.023) cm for left without contrast and 0.089 (0.024) cm for right with versus 0.071 (0.022) cm for right without, p 0.0001 both sides. For the far wall of the CCA, the mean (SD) IMT comparison was 0.075 (0.021) cm for left with versus 0.070 (0.016) cm for left without, pˆ0.005, and 0.070 (0.023) cm for right with versus 0.070 (0.016) cm for right without, pˆ0.68. In conclusion, contrast-enhanced IMT measurement showed a highly statistically signi cant difference in near carotid wall thickness determinations versus non-contrast values. The thicker measurement is in agreement with previously reported data showing that non-contrast images underestimated near wall common carotid IMT in histologic samples.
Introduction
Carotid artery intimal medial thickness (IM T) has been previously studied as an important surrogate marker for the detection of cardiovascular disease. 1, 2 In addition, IM T is frequently used as an endpoint for studies attempting to document the regression or progression of atherosclerosis. R isk factors associated with increased IM T include older age, male gender, elevated total cholesterol, low high-density lipoprotein (HDL), low-density lipoprotein (LD L), systemic hypertension, tobacco use, and diabetes. 3¡9 F urthermore, there is a direct correlation between increased IMT and myocardial infarction, stroke, increased left ventricular mass, and peripheral vascular disease. 10¡12 The incidence of these cardiovascular events has been reduced by statins in both primary and secondary prevention trials. It has also been shown that beta-blockers, calcium channel blockers, ACE inhibitors and statins can reduce the rate of IMT progression in the carotid arteries. 13¡19 R egression of IM T has been documented using atorvastatin 80 mg over a 2-year period in patients with familial hypercholesterolemia. 20 Previous studies used standard B-mode ultrasound to quantify the aggregate mean IM T from the near and=or far walls of the common carotid artery (CCA), bifurcation, and internal carotid arteries (ICA). H owever, many investigators have had difculty in accurately evaluating the near wall IMT due to limitations in discerning the lumen¡intimal surface using standard B-mode carotid ultrasound. This is further supported by comparisons of histologically determined near wall IMT with conventional B-mode ultrasound, revealing that the ultrasonic identi cation signi cantly underestimates the near wall IMT. 21 The purpose of this study was to quantify the ef cacy of contrast-enhanced carotid ultrasound for measurement of the mean IMT of the near and far walls of the CCA, and also to determine whether contrast-enhanced carotid ultrasound improves reader con dence and ease of measurement of both the near and far walls of the common carotid IM T.
This study is based on our initial investigation comparing contrast-enhanced carotid duplex ultrasound versus angiogram or magnetic resonance angiography (MRA) for the detection of signi cant carotid artery disease appropriate for surgical intervention. The study group contained a total of 78 patients, 18 of which also had correlative exams using either angiogram or MRA. The sensitivity of the contrast-enhanced technique was 88%, and the speci city was 100%.
Our clinical report uses contrast ultrasound to improve the visualization of the lumenal surfaces of the carotid arteries. This application extends the ndings of Sirlin et al, which demonstrated that the use of ultrasound contrast was superior to that of colour and power Doppler in identifying experimentally induced aortic plaques and the IM T. 22 Consistent with the premise that the use of contrast ultrasound enhances the visualization of carotid lumenal surfaces and improves carotid IMT identi cation, the present study was undertaken.
Methods
This was an observational study involving 26 patients from a university cardiology clinic with a mean age of 65 years. Of the 26 patients studied, 88% were male and 12% were female. N inety-ve per cent were Caucasian and 5% were African American. With regard to patient demographics, 92% had hypercholesterolemia based on N ational Cholesterol Education Program Adult Treatment Panel III guidelines, 23 77% were current or former smokers and 77% had a family history of coronary artery disease. Additionally, 73% had hypertension and 58% had coronary artery disease documented by a history of coronary bypass surgery or angioplasty. F inally, 23% had diabetes mellitus, and 12% had a history of transient ischemic attack or stroke.
Those subjects chosen for review had carotid ultrasounds completed within 6 months of the study initiation using a standard protocol for carotid imaging. Each study was completed using an ATL-H DI 5000 ultrasound machine in the harmonic mode using a 7¡4 mH z transducer, and was performed by a trained and certi ed sonographer. Patients reclined in the supine position with their heads supported at a 45 degree angle, supported by a pillow. F ive to six approximately equidistant measurements were obtained over a 1 cm distance, beginning 0.5 cm from the carotid bifurcation along the near (anterior) and far (posterior) walls of the distal CCA without contrast. Both carotid arteries were measured in all patients except for one, in which a technical limitation precluded the measurement of both sides. F ive to six additional measurements were made in a similar way after intravenous bolus injections of Optison TM (per utren protein type-A microspheres; Amershem Princeton, NJ, USA) 0.5¡0.7 cc. The carotid images were read and measured exclusively by the physician director of the non-invasive vascular laboratory.
In the 24 studies performed by the same sonographer, 40 carotid arteries were examined and 867 total measurements obtained. These measurements were made using an electronic caliper either from stored digital images or standard VH S images taken at diastole. In order to assess the reliability of the reader, 10% of the carotid ultrasounds were restudied approximately 1 month after the initial interpretation. The reader was blinded to both the patient history and knowledge of the prior measurement data. In addition, the test¡retest reliability was evaluated by having the primary reader re-read 4% of the patients who had been tested on two separate occasions within a 1-month period.
Statistical analysis
IMT measurements were summarized with the means and standard deviations. Each subject had from 20 to 48 observations depending on whether one or both carotid arteries were studied. Summary plots of the mean values for each subject and each combination of contrast and wall were produced. Mixed effects models were used to account for the correlation between observations within the same subject while testing whether there was a consistent difference between measurements made with or without contrast. This type of model is like the familiar regression or analysis of variance models, except that observations are permitted to be dependent. Random effects models were t for each side and wall combination in order to estimate the mean difference between measurements made with or without contrast. Plots of residuals and random effects were examined for deviations from assumptions. Analyses were completed using Splus6.1. Table 1 presents the mean (SD) by side, wall and contrast. F igure 1 provides a graphical summary of the variability in mean IMT by subject, side, wall and contrast. Anterior measurements without contrast are smaller on average than anterior measurements with contrast. Alternatively, posterior measures appear similar whether made with or without contrast. Without contrast anterior and posterior walls appear similar on both sides but with contrast a clear difference is evident on the right side.
Results
A mixed-effects analysis nds highly signi cant differences between contrast and no contrast on both anterior walls. The mean (SD) difference of contrast minus no contrast for the left side was 0.008 (0.002) cm, pˆ0.0001, and for the right side 0.019 (0.002) cm, p < 0.0001. The left posterior difference is smaller but also signi cant (0.005 (0.002) cm, pˆ0.005) but not the right posterior difference (¡0.001 (0.002) cm, pˆ0.68). The residual SD from the mixed-effects model provides a measure of the estimated variability in an individual measurement. The residual SD was 0.015 without contrast and 0.017 with contrast (pˆ0.005). Table 2 presents intra-reader reliability results for eight sonograms that were read twice. D ifferences between reads were not signi cant and of minimal magnitude compared with variability across subjects.
Discussion
The results of this study revealed that the contrastenhanced mean near wall CCA IMT measurement was 12% (0.008 cm) greater than the non-contrast value on the left side and 25% greater on the right. This thicker mean near wall CCA IMT likely results from an improvement in visualization of the intima¡luminal border. These ndings are supported by Wong et al 21 who demonstrated that carotid artery imaging with standard ultrasound underestimated the near wall IMT by 20% as compared to histological measure. Earlier studies examining the ultrasonic¡pathologic correlation of arterial wall thickness have shown that ultrasound was limited by axial resolution in quantifying the dimensions of individual arterial layers, and was only capable of accurately measuring the far wall IM T. 24 Thus, it may be postulated that the increase in mean near wall IMT using contrast carotid ultrasound improves on the limitations of standard non-contrastenhanced B-mode carotid imaging.
In a direct comparison between the near and far walls, this study shows that the contrast-enhanced mean near wall CCA IMT was 27% (0.019 cm) greater than the far wall on the right side but similar on the left side. Results of preliminary analyses of 117 subjects as part of the Avant-CETi study found similar differences on the near wall (right 0.010 cm and left 0.011 cm), but essentially no differences on the far wall on either side (right 0.001 cm and left 0.000cm). 25 If these results are upheld by the nal Avant-CETi analysis, it would suggest that the differences seen between right and left sides in this study may be the result of small sample effects. D el no et al, using a 3-D nite element model established that the lateral wall (near wall) is the site of low and oscillatory uid wall shear stress resulting in early intimal thickening. 24 Masawa et al 26 described a helical pattern of blood ow in the aorta resulting in preferential distribution of atherosclerosis involving the anterior wall of the common carotid and the bifurcation of the extracranial carotid arteries. This difference in IMT has been analyzed by carotid models and pathologic studies; however, to our knowledge it has not been reported based on ultrasound assessment. Our ndings have signi cant implications for the accurate and precise determination of IMT progression=regression since the near wall of the CCA should be the site of maximum IMT, and is also likely to be the location of greatest change following therapeutic intervention. This may be the reason that Bots et al 27 found that IMT summaries that include the near wall are the most strongly predictive of the development of cardiovascular disease. Masawa et al 26 con rmed these Figure 1 The mean of the intima media thickness (IMT) as de ned by subject studied, side, use of contrast, and wall. ndings by determining that examination of the far wall (immediately proximal to and opposite the ow divider of the carotid bifurcation) may not provide a consistently dependable index since, at this level, intimal thickening may be greatest on the outer side wall (near wall).
M oreover, studies examining left ventricular (LV) hypertrophy and regression have shown that patients with the highest percentage of LV mass at baseline had the most signi cant decreases after anti-hypertensive treatment. 28 These ndings relating to LV mass regression may be similar to that of IMT given the effects of hypertension on medial thickening within the vascular walls. Therefore, future studies evaluating the CCA IMT would likely demonstrate improved diagnostic accuracy by improving lumen¡intima border de nition with the use of contrast. The limitations of the study are the small sample size and the use of only a single expert reader to interpret the contrast-enhanced carotid ultrasounds. If contrastenhanced carotid imaging is to become more widely utilized, future studies would need to include multiple readers and assess inter-observer reliability.
It is unclear whether the increased variability observed with contrast is the result of increased measurement error or the result of more accurately re ecting IMT variability. Images in this study were recorded analog and stored on tape. We are now acquiring and storing images in digital (DICOM) format and expect that this will increase precision. If the increased variability observed with contrast persists, pathology studies may be necessary to distinguish between measurement error and increased sensitivity to small scale variation.
The current state of technology has been suf cient to demonstrate the diagnostic bene t of IM T imaging. As the technology continues to mature and increase in sensitivity, it may be possible to derive new diagnostic indicators from IMT images that provide more speci c information on disease progression and regression. The use of contrast is one aspect of this maturation process, as it enhances the ability to detect blood ow, whether in the arteries or in the capillaries feeding the vaso vasorum. If contrast proves to aid in imaging not just the consequences of cardiovascular disease but also the process itself, then the added cost of contrast may become an accepted cost associated with preventive cardiology.
Conclusion
Contrast-enhanced carotid ultrasound yields improved quanti cation of the mean near wall CCA IMT through better visualization (F igure 2) and accuracy of measurement in agreement with data found in previous engineering models and histologic studies. F urthermore, contrastenhanced carotid ultrasound revealed a signi cant difference in mean near wall versus far wall CCA IM T on the right side, which will likely have important implications for future clinical trials.
